such as schizophrenia and major depression. Despite distinct psychopathologies, both disorders overlap in long-lasting and multifaceted deficits in social cognition, 8, 9 which are evident already on a basic sensory level. Both disorders show impaired recognition of emotions presented via facial cues and via prosody (schizophrenia, 10 ,11 depression 12, 13 ); in addition, both show aberrant functional activation patterns in the superior temporal gyri towards emotional prosody and in the fusiform gyri towards emotional facial expressions (schizophrenia, 14, 15 depression 16, 17 ). Whether these functional similarities are the result of similar underlying pathological mechanisms, however, remains poorly understood. When perceiving and responding to social situations, patients with depression demonstrate lower self-report empathy but higher galvanic skin conductance levels, 18 which are associated with limbic-cortical dysfunctions. 19 They have also been shown to overidentify with emotions and display higher levels of personal distress, 20 yet at the same time, blunted affect and anhedonia. 18 Impaired social cognition in schizophrenia, on the other hand, has been linked to both negative symptoms such as diminished emotional experience and avolition, 21 but also to positive symptoms such as delusions, hallucinations and disorganised speech and behaviour. Their difficulties are most profound during processing of complex mental states, including their own (for example appraisal and regulation 22 ) and those of others (empathy 23 ). Potential precursors of these difficulties may be found in patients' impairments to establish coherent constructs, 24 deal with ambiguity, 25 ignore irrelevant information 26 and form associative memory traces. 27, 28 Direct comparisons of social cognition skills between these two patient groups are required to directly test the specificity of these differences.
Although comparable deficits have been reported in individuals with schizophrenia and those with depression during audiovisual processing presentations of static stimuli, 29, 30 these fail to convey evaluative aspects of empathy to the same extent as natural situations do, 31 and may have led to systematic underestimations of group differences. 32, 33 This study therefore used a novel set of stimuli to investigate the neural correlates of dynamic stimulus presentation in these two patients groups. Participants were presented with portrait-shot video clips expressing emotion through three possible communication channels: facial expression, prosody and content. We pursued two interrelated aims. The first aim was to compare brain activation and behavioural indices of empathy for both trimodal and bimodal stimuli in a group with 1 Neural responses to dynamic multimodal stimuli and pathology-specific impairments of social cognition in schizophrenia and depression Christina Regenbogen, Thilo Kellermann, Janina Seubert, Daniel A. Schneider, Raquel E. Gur, Birgit Derntl, Frank Schneider and Ute Habel Background Individuals with schizophrenia and people with depression both show abnormal behavioural and neural responses when perceiving and responding to emotional stimuli, but pathology-specific differences and commonalities remain mostly unclear.
Aims
To directly compare empathic responses to dynamic multimodal emotional stimuli in a group with schizophrenia and a group with depression, and to investigate their neural correlates using functional magnetic resonance imaging (fMRI).
Method
The schizophrenia group (n = 20), the depression group (n = 24) and a control group (n = 24) were presented with portrait-shot video clips expressing emotion through three possible communication channels: facial expression, prosody and content. Participants rated their own and the actor's emotional state as an index of empathy.
Results
Although no group differences were found in empathy ratings, characteristic differences emerged in the fMRI activation patterns. The schizophrenia group demonstrated aberrant activation patterns during the neutral speech content condition in regions implicated in multimodal integration and formation of semantic constructs. Those in the depression group were most affected during conditions with trimodal emotional and trimodal neutral stimuli, in key regions of the mentalising network.
Conclusions
Our findings reveal characteristic differences in patients with schizophrenia compared with those with depression in their cortical responses to dynamic affective stimuli. These differences indicate that impairments in responding to emotional stimuli may be caused by pathology-specific problems in social cognition.
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schizophrenia and a group with depression. Trimodal stimuli, rich in emotional information, should facilitate understanding and appropriate responses to social situations. Bimodal stimuli, on the other hand, introduce mismatching information that requires integration of matching channels while ignoring irrelevant ones. We expected that (a) patients' empathy ratings towards trimodal emotional stimuli would lie within the normal range, but would be more strongly affected than healthy controls by the absence of emotional information in one channel. 34 On a neural level, we hypothesised that (b) patients with schizophrenia would show abnormal activation to bimodal stimuli in multisensory integration areas, for example in the intraparietal and superior temporal sulci, 35 but also in the hippocampus, 36 because of difficulty ignoring irrelevant information 26 and establishing coherent constructs. 24 Patients with depression were expected to show aberrant brain activation towards social stimuli because of limbic-cortical dysfunctions. 19, 37, 34 The second aim was to test whether corresponding emotional information on multiple sensory channels would lead to the same characteristic activation patterns in patients as previously reported in healthy controls. We hypothesised that (c) multisensory emotional facilitation would be reflected in signal increases in sensory cortices, i.e. increased activation in primary and secondary visual cortices for facial expressions, in primary and secondary auditory cortex for prosody, as well as in left-lateralised parietotemporal stream for speech content in the trimodal compared with the bimodal conditions. Alternatively, an absence of such effects would indicate failure to benefit from multimodality. 29 ) in the depression group. All participants in both groups showed moderate to severe symptomatology (online Table DS1 ). The 24 healthy comparison participants (control group, mean age 35.25 years, s.d. = 9.80) comprised an age-and education-matched sub-data-set. 6 They were screened for a lifetime DSM-IV diagnosis (SCID-light 38 ) , neurological illness or current substance misuse. All participants were righthanded 42 and fulfilled magnetic resonance scanning criteria. Participants were tested with a standard neuropsychological battery that is described in the online supplement. They further completed an alexithymia questionnaire (Toronto Alexithymia Scale TAS-20 43 ) and two empathy scales, the German version of the Interpersonal Reactivity Index (IRI 44 ) as well as the E-Scale. 45 Average scores were analysed with one-factorial ANOVAs with group as between-participant factor. Post hoc pair-wise comparisons were Bonferroni-corrected (P Bonf 50.017).
Empathy assessment
Stimuli consisted of 96 thoroughly evaluated 5 video clips (duration, mean 10.93 s, s.d = 0.93), alternating a male (n = 44) or female (n = 52) protagonist who told a self-related story of disgusting, fearful, happy, sad or neutral situations. Prior to filming, all actors had been asked to imagine their story as vividly as possible, and to remember an emotionally corresponding life experience. Clips existed in six experimental conditions comprising 16 videos each and did not differ in length (F(5,90) = 1.26, P = 0.29). We refrained from analysing emotionspecific aspects and collapsed results across emotions (four clips in each condition).
Experimental conditions reflected the grouping of emotional information carried by the three channels. 'Trimodal emotional' included emotion in story content, facial expressions and prosody. 'Trimodal neutral' included neutral story content, facial expressions and prosody. In the bimodal emotional conditions 'neutral prosody' , 'neutral face' or 'neutral speech', two channels were emotional (with the same target emotion), whereas the third was neutral. 'Foreign language' consisted of a trimodal emotional clip, spoken in Slavic languages that were incomprehensible to all participants. Synchronicity between the dubbed audio files and video streams (for conditions in which prosody and facial expression were incongruent; neutral prosody and neutral facial expression) was maximised with Digidesign ProTools for Windows (http://www.avid.com).
In the magnetic resonance scanner, participants were instructed to imagine the presented actors to be close friends. After each clip they rated the other's as well as their own emotional state and its intensity via right-hand button presses (index and middle finger) on a seven-point scale from 'very negative' on the left side of the scale to 'very positive' on the right side within a fixed interval of 4.5 s (online Fig. DS1 ). Matching ratings between the rating for 'other' and the valence of the target emotion represented emotion recognition ('other'). Matching ratings between the participant's own affective state and the target emotion represented affective responses ('self'). Overlap between both ratings and the target valence represented task empathy (for example, a sad video clip evokes a response in the same direction (one, two or three finger presses towards 'very negative') for the 'self' and 'other' assessment). Our empathy definition is closely related to empathic accuracy, 46 however, it further demands that the receiver shares the recognised emotion (see also de Vignemont & Singer; 47 empathy is an affective state isomorphic to another person's state, elicited by that person; however, we did not enquire whether participants actually attributed their affective state to have been elicited by the other person.) To test hypothesis (a) empathy and its components (emotion recognition and affective responses) were tested in three separate group6 condition generalised estimating equations (GEEs) accounting for binomial data distribution and non-spherical errors. (The condition trimodal neutral was not analysed because responses to this condition did not fall under the definition of empathy.) Post hoc pair-wise comparisons were Bonferroni-corrected (P Bonf 50.005).
Cognitive impairments in psychiatric disorders have been regarded as an accompanying vulnerability factor and endophenotype of not only individuals with acute schizophrenia, but also patients in remission or relatives. 48 Correlation analyses were therefore performed between task empathy and cognitive measures (Wortschatztest (WST), Trail Making Test (TMT-A, TMT-B) Regensburger Word Fluency Test (RWT), working memory, short-term memory), and between task empathy and emotional self-report measures (Vienna Emotion Recognition Task (VERT-K), IRI, E-Scale), as well as clinical parameters in patients (depression group: BDI, HRSD, TAS; schizophrenia group: PANSS-Positive, PANSS-Negative, TAS). All correlations were two-tailed Bonferroni-corrected Pearson correlations.
Functional magnetic resonance imaging

Whole brain analyses
Detailed parameters of the 3 Tesla functional magnetic resonance (fMRI) measurements and data preprocessing can be found in the online supplement. On a single-participant level, seven onset regressors (one for each stimulus presentation by condition and one for the rating scale presentation) were created by convolving the respective box-car functions with the canonical haemodynamic response function (HRF). Realignment parameters were included as covariates of no interest and the session mean was regressed on a constant term. A 128 s high-pass-filter was applied and serial auto-correlations were accounted for by including a first order autoregressive model.
A mixed-effects 366 general linear model (GLM) (group6 condition) was used for group-level inference in SPM8 (Wellcome Department of Cognitive Neurology, London). A random factor modelled participant-specific variance. Deviations from sphericity were corrected by variance components assuming a compound symmetry structure for within-participant measures and heteroscedasticity between participants and conditions.
All contrasts (for description of contrasts 1-5, see online Appendix) were calculated within this GLM and thresholded with a combined height and extent threshold technique based on Monte-Carlo simulations carried out in 3DClustSim in AFNI2011. 49 Based on an uncorrected threshold of P50.001 and the spatial properties of the residual image, an extent threshold of k = 125 voxels was estimated using 100 000 iterations. This corresponded to a family-wise error of P50.05 at the cluster-level. Post hoc pair-wise comparisons compared the mean activations between clusters (adjusted for effects of interest) with t-tests (Bonferroni-corrected) in SPSS version 20 for Windows.
Comparing trimodal and bimodal conditions
In order to compare brain activation for both trimodal and bimodal stimuli in patients and controls we tested the full interaction group (3)6condition (6) (contrast 1).
Comparing trimodal emotional and trimodal neutral conditions
We used the planned interaction between group and condition, comparing trimodal emotional to trimodal neutral (contrast 2) to specifically test differences between congruent emotional and neutral stimuli.
Both contrasts should test differences between patients and controls in trimodal and bimodal emotional stimulus processing (hypothesis (b)), contrast 1 allowing for all kinds of possible differences, contrast 2 tailored to directly compare emotional and neutral stimuli.
Channel-sensitive contrasts
Finally, we analysed planned T-contrasts emotional prosody (trimodal emotional4neutral prosody), emotional face (trimodal emotional4neutral face) and emotional speech (trimodal emotional4neutral speech) separately for each participant to assess the neural contributions of dynamic emotion in single channels. To test potential differences between patients and controls regarding multisensory emotional facilitation (hypothesis (c)) planned F-contrasts were conducted (contrasts 3, 4, and 5).
Results
Behavioural empathy
The GEE testing empathy (Fig. 1, online ( 2) = 0.14, P = 0.93) was not significant. Explorative post hoc comparisons of the interaction effect showed that it was not driven by differences between the three groups in any condition, but by within-group effects. In the control group, empathy was significantly higher in the trimodal emotional condition compared with all other conditions except neutral prosody (neutral facial expression: t(23)
Functional imaging data
Comparing trimodal and bimodal conditions
The F-contrast group6condition (contrast 1) yielded activation differences in four areas: the left hippocampus, supplementary motor area, as well as the right intraparietal sulcus and middle temporal gyrus (Fig. 2, Table 1 ). Post hoc pair-wise comparisons were conducted in each area separately to further break down these effects. In the hippocampus, higher activation was observed in the schizophrenia group in the trimodal neutral condition compared with both the control (t(42) = 3.26, P = 0.002) and depression group (t(42) = 3.57, P = 0.001). The schizophrenia group also showed less activation in response to neutral speech trials compared with both the control group (t(42) = 76.08, P50.001) and depression group (t(42) = 73.40, P = 0.002).
In the left supplementary motor area, the depression group showed significantly higher activation during trimodal emotional trials compared with the control group (t(46) = 3.54, P = 0.001). Post hoc comparisons following a generalised estimating equation (GEE) were calculated within each group. The lines represent significant differences between condition trimodal emotional (E) and the remaining conditions. Bars indicate s.e.m. EnP, neutral prosody; EnF, neutral facial expression; EnC, neutral speech; EiC, foreign language.
They also showed higher activation in the neutral prosody condition compared with the schizophrenia group (t(42) = 3.60, P = 0.001). In the intraparietal sulcus, the schizophrenia group showed lower activation in the foreign language condition compared with the depression group (t(42) = 74.87, P50.001). In the middle temporal gyrus, the schizophrenia group showed lower activation in the neutral prosody condition compared with the control group (t(42) = 73.84, P50.001) and higher activation in the condition foreign language compared with the control (t(42) = 3.23, P = 0.002) and the depression group (t(42) = 3.31, P = 0.002).
Comparing trimodal emotional and trimodal neutral conditions
The planned F-contrast group6condition (contrast 2) showed activation in the left temporoparietal junction and the left posterior cingulate cortex (Fig. 3) . Post hoc comparisons in the temporoparietal junction showed lower activation for the depression group than the control group in the trimodal neutral condition (t(46) = 73.68, P = 0.001). In the posterior cingulate cortex, higher activation for the depression group in the trimodal emotional condition than for the control (t(46) = 3.51, Table 1 ).
Significant post hoc comparisons of parameter estimates (mean, s.e.m., arbitrary units) are displayed via bar charts and were calculated within each group and condition. In the schizophrenia group: lower activation in neutral speech (E/nC) in the hippocampus, in foreign language (E/iC) in the intraparietal sulcus and in neutral prosody (E/nP) in the supplementary motor area; higher activation in trimodal neutral (N) in the hippocampus; less deactivation in foreign language (E/iC) in the middle temporal gyrus. In the depression group: higher activation in trimodal emotional (E) in the supplementary motor area. 
Channel-sensitive contrasts
Within each participant group, T-contrasts comparing the trimodal emotional condition with each bimodal emotional condition revealed activation in areas responsible for processing the respective sensory modality (online Table DS3 -5, online Fig.  DS2 ). Bilateral emotion-related enhancements of auditory cortex activation and inferior parietal lobe activation were present for the emotional prosody subtraction contrast; bilateral occipitotemporal and middle occipital gyrus activation enhancement was present in the emotional face subtraction contrast. Finally, left angular gyrus and superior parietal lobe, middle temporal gyrus and middle and inferior frontal gyrus activation was enhanced in response to the emotional speech subtraction contrast. Group-comparisons of each channel-contrast (contrasts 3-5) showed significant group differences only for neutral speech in the hippocampus, supplementary motor area and putamen/ caudate nucleus ( Table 2 ). The extracted activation did not survive Bonferroni-correction.
Neuropsychology and empathy questionnaires
The ANOVA testing alexithymia (TAS, F(2,64) = 5.03, P = 0.01) indicated higher TAS scores in the depression group than in the control group: (t(46) = 3.17, P = 0.003). Another significant main effect for group was found in one empathy scale (IRI: F(2,64) = 3.92, P = 0.03) with post hoc comparisons showing lower scores in the schizophrenia group than in the depression (t(42) = 72.73, P = 0.009) or the control group (t(42) = 72.26, P = 0.03), but this was below the Bonferroni-correction threshold (P50.017). A complete overview on all neuropsychological variables and empathy questionnaires can be found in online Table DS1 .
No correlation between task empathy and cognitive measures, and between task empathy and emotional self-report or clinical parameters survived Bonferroni-correction (full results can be found in the online supplement).
Discussion
Using a novel set of dynamic multisensory stimuli, our study directly compared neural responses to emotional stimuli between participants with schizophrenia and participants with depression in an effort to identify commonalities and differences in the underlying mechanisms contributing to disturbed social cognition in these patient groups.
Although empathy ratings in neither patient group were significantly different from healthy controls, characteristic differences emerged in the bimodal emotional conditions. In combination with the activation patterns from the neuroimaging analyses, our findings link problems in social cognition primarily to impaired processing of semantic context in the schizophrenia group, whereas the patterns observed in the depression group indicate contributions of abnormal activity in mentalising networks. Table 1 ).
Significant post hoc comparisons of parameter estimates (mean, s.e.m., arbitrary units) are displayed via bar charts. In the depression group: lower activation in trimodal neutral (N) in the temporoparietal junction; higher activation in trimodal emotional (E) in posterior cingulate cortex. 
Behavioural and neural markers of empathy assessed with multimodal stimuli
Our study demonstrated similar behavioural responses of empathy during dynamic trimodal stimulus presentation in the schizophrenia, depression and control groups, as well as an absence of previously documented activation impairments of patients in the superior temporal 14 or fusiform gyri 15, 17 to emotional prosody or facial expression alone (contrasts 3 and 4, see online Appendix). In all participant groups, emotional information in any sensory channel enhanced activation in sensory-specific areas relative to emotionally neutral cues, replicating our previous findings in healthy participants; 6 activation to emotional prosody was mainly found in primary and secondary auditory cortices, 50, 51 activation to emotional faces in the bilateral fusiform cortices 52, and to emotional speech in areas of the semantic language stream 53 and cerebellum, representing content predictability. 54 Although a direct comparison with static stimuli is not possible, we tentatively attribute the lack of observed behavioural impairments to potential benefits of our more naturalistic and dynamic stimulus material. 31, 55 This view is strengthened by the observed robust emotion-enhanced activations in basic sensory processing areas in both patient populations (Fig. DS2) . Direct comparisons between static and dynamic material should confirm these potential benefits in future studies. Further, it should be noted that all conditions included at least bimodal emotions; our definition of 'single channel' here relies on the subtraction of bimodal from trimodal conditions. This relative difference fails to capture potential supra-additive effects that may occur in the trimodal condition, which may have influenced activity in modality-respective areas.
In line with our findings in healthy participants, 5, 6 patients demonstrated behavioural empathy reductions in the bimodal emotional conditions. Whereas neutrality of any channel affected the control and depression groups, lower empathy ratings in the schizophrenia group were only prompted by the neutral speech and foreign language conditions. Given that empathic appraisal 47 depends on the successful joint evaluation of emotional cues and contextual information, what was being said needed to be ignored in these two conditions to elicit a correct empathic response. We suggest that healthy participants focused on the emotional channels and suppressed or ignored neutral speech content. 6 Such a strategy would be consistent with moderately high emotion recognition accuracy (70-80%), yet lower affective involvement (approximately 30%) resulting in reduced empathy in this condition compared with the trimodal emotional one.
Patients with schizophrenia demonstrate difficulty integrating ambiguous social constructs
In the schizophrenia group, behavioural empathic responses remained stable between trimodal and most bimodal conditions. Lower empathy responses were limited to conditions where speech content did not contain or signal emotion (neutral speech, foreign language). This response pattern contrasted with both the control and depression groups, who were equally affected by neutrality of any other sensory channel, and it suggests a focus on concrete contextual information in the schizophrenia group during the formation of an empathic response, while neglecting paraverbal information. This interpretation is supported by the neuroimaging results, which show characteristic hypoactivation patterns during the two conditions in which speech content did not match facial expression and prosody: hippocampal activation was reduced during neutral speech relative to both other groups, whereas intraparietal sulcus activity was decreased during foreign speech (Fig. 2) .
Slightly enhanced hippocampal activation in the control group in contrast during neutral speech may reflect successful emotional understanding and association of two emotional channels and ignoring the third. Together with dorsal striatum (our post hoc comparisons in the striatum did not survive Bonferronicorrection; however, given the empirical background on hippocampal-striatum co-work in construct formation, it seemed appropriate to include this in the discussion) and thalamic nuclei, 56 the hippocampus serves associative memory encoding. 57 In the context of multimodal processing, its sensitivity to semantic variations between sensory modalities has been demonstrated. 36 In contrast, the hypoactivation of the hippocampus observed in the schizophrenia group may therefore reflect either failure to make an effort to associate incoming information or failure to ignore it because of its irrelevance. 26 Hypoactivation of the intraparietal sulcus during the foreign language condition may also indicate unsuccessful integration of the emotional paraverbal percept with verbal information, or, alternatively, failure to concentrate on the paraverbal percept and ignore mismatching semantic information. 58 Of interest, the schizophrenia group further showed higher hippocampal activity than both other groups during the trimodal neutral condition, which may indicate inadequate emotional hyperarousal to potentially ambiguous sources. 59 This hypothesis is supported by a lack of deactivation in the middle temporal gyrus; as a key area in meaningful speech comprehension, 60 its continued activation may indicate an increased but unsuccessful effort to infer emotion from neutral content. In the absence of a corresponding behavioural deficit, however, the functional relevance of this enhanced activity remains speculative and needs to be further explored.
Depression is associated with inadequate activation related to mentalising
Although behavioural empathy ratings in the depression group did not significantly differ from the control group, these patients consistently showed hypoactivation in the posterior cingulate cortex and supplementary motor area in trimodal emotional clips, as well as hypoactivation in the temporoparietal junction compared with the control group during the trimodal neutral condition. All of these regions play key roles in the brain's mentalising network; in particular, the supplementary motor area and the posterior cingulate cortex are part of a medial frontoparietal axis responsible for automatic processing of internally oriented personal information such as thoughts, feelings and experience. 61 The temporoparietal junction, on the other hand, forms part of a lateral fronto-temporoparietal axis, which is externally oriented and attributed to controlled appraisal of situational information, such as labelling another's facial expression. Hyperactivations of the medial fronto-parietal axis (supplementary motor area and posterior cingulate cortex) have been linked to hyperresponsiveness to emotions, 34 whereas hypoactivation of regions on the lateral fronto-temporo-parietal axis (temporoparietal junction) have been described before as correlates of impaired cognitive control. 62 Further, the depression group showed higher alexithymia (TAS) ratings than the control group, indicating 'difficulties in assessing and describing feelings' . 63 These ratings were negatively correlated with task empathy, and may constitute state-dependent indicators 64 of difficulties with reflections on ones' internal affective state and active reappraisal of emotions within a social context. Both of these functions depend on adequate involvement of the cortical networks for mentalising, as described above. However, as the correlation did not survive Bonferroni-correction and depressive symptom severity was only weakly associated with alexithymia (BDI: r = 0.23, HRSD: r = 0.14) these results should be interpreted with caution.
Limitations
Although our experimental design was optimised to evaluate responses to a diverse battery of stimulus material of long duration between clinical populations, it also poses some inherent shortcomings which need to be considered. To reduce magnetic resonance-measurement time in this clinical sample, we opted to use a simple bipolar scale to assess emotional valence. Although this procedure does not permit assessment of emotion-specific recognition accuracy, our previous findings show that 'errors' made by both healthy participants 5 and patients with depression 34 are rarely the result of confusion between emotional qualities, but more commonly, a failure to perceive emotion altogether, a confusion which is still possible on the reduced scale. Averaging across different emotions may further have obscured important aspects of differential pathological processing. Given that this is the first study using dynamic multimodal stimulus material to compare groups, it was our specific goal to identify generalisable systematic group differences. Although the diversity of emotional situations increased the ecological validity of our stimulus battery, the dominance of negatively valenced stimuli over positively valenced ones may have induced a valence-specific bias, which needs to be evaluated by future studies.
Finally, although sample sizes of 20 participants have been reported to show sufficient power for fMRI studies, 65 adequate criticism on underpowered fMRI studies and low reliability 66, 67 should be considered. Future studies with larger participant samples and a priori power estimations 68 are desirable to increase sensitivity to differences with smaller effect sizes.
Implications
Using a dynamic multimodal task to compare impairments in social cognition between patients with schizophrenia and patients with depression, we identified specific impairments that characterised each patient group. The schizophrenia group showed aberrant activation when speech content was neutral or foreign as a neural correlate of an inability to integrate ambiguous constructs. In the depression group, aberrant hypo-and hyperactivation was observed for multimodal emotional and neutral stimuli in mentalising regions. Differences in behavioural indices of empathy, or in neural activations in basic sensory processing areas were not observed. Taken together, these results demonstrate that comparisons of functional activation patterns during the perception of dynamic social stimuli constitute a promising and sensitive measure for the identification of pathology-specific problems in social cognition. Future research should disentangle the dynamic routes associated with the formation of empathy in order to elucidate the stage at which receiving, managing and communicating emotions goes awry in psychiatric disorders.
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